Temperature-sensitive (ts) mutants of the Dearing strain of reovirus type 3 have been isolated and classified into seven groups (A to G) on the basis of genetic recombination analyses (2, 4) . Fields et al. (5) examined the ability of five groups of ts mutants to synthesize viral polypeptides at the nonpermissive temperature by using immunological precipitation to detect those polypeptides present in small quantities. Mutants of groups A to E were shown by polyacrylamide gel electrophoresis to be capable of inducing the synthesis of the three major size classes of reovirus-specific polypeptides (X, t, and (r). Greater resolution of these polypeptides was needed in order to undertake a closer examination of the specific gene products of the ts mutants and thereby, perhaps, to better define the nature of the ts lesion. The method of polyacrylamide gel electrophoresis using sodium dodecyl sulfate in a discontinuous Tris-glycine buffer (11) has been shown to resolve more clearly the reovirus-specific polypeptides in infected cells ( 
MATERIALS AND METHODS
The methods used for this work are described in detail in the accompanying paper (3) .
RESULTS
Electrophoresis of ts mutant polypeptides on sodium dodecyl sulfate-polyacrylamide gels. To examine the virus-specific polypeptides synthesized by representative mutants of groups A to G at the nonpermissive temperature (39 C), cytoplasmic extracts of infected cells were treated with immune sera, and the precipitated 35S-labeled polypeptides were analyzed by electrophoresis on Tris-glycine gels ( Fig. 1A and 2 ). When cells were infected at 39 C in the presence of actinomycin D and the polypeptides were precipitated from cytoplasmic extracts with acetone, an appreciable background of host cellular protein synthesis made it considerably more difficult to identify the viral polypeptides (Fig. 1B) .
Mutants of all of the groups (A to G) were found to be capable of inducing the same polypeptide species as the wild-type (ts+) strain under nonpermissive conditions ( Fig. 1A and 2 ). The nomenclature used to denote virus polypeptides is identical to that described previously (3, 14) . Both of the nonstructural species, ,u4 and (r2A, as well as all of the capsid polypeptides found in whole virions were synthesized by the mutants. The absence of ,2 polypeptides in cells infected with ts357, 320, and 453 is due to the lack of processing of ,ul to ,u2 in this particular experiment. This was often seen when multiplicities in the low range were used (note the relatively low amounts of the other viral polypeptides synthesized by these three mutants in this experiment). In Fig. 2 , the processing of ,1 to ,u2 and normal amounts of the other viral polypeptides is illustrated. The polypeptide species synthesized by the mutant strains at the permissive temperature (31 C) were also virtually indistinguishable from those of the wild type (not shown). Careful examination of the virus-specific polypeptides synthesized at both 39 and 31 C, however, revealed that mutants of four of the groups (A, D, F, and G) possessed abnormal ,ul and ,u2 polypeptides; i.e., both the ul and its cleavage product ,u2 migrated more rapidly on Tris-glycine gels than the respective species of wild type.
Analysis of j , peptide region of ts mutantsevidence for aberrant polypeptide species. To verify these ,ul and ,u2 migration differences, MCi of [35S]methionine per ml. Cytoplasmic extracts were prepared and divided into equal aliquots, and polypeptides were precipitated by immune sera or by acetone as described previously (3) . Electrophoresis was carried out on 10% Tris-glycine gels for 15 h at 50 V. These and subsequent gels were prepared and electrophoresed in a slab gel apparatus (3). (A) Gel autoradiogram of immune-precipitated polypeptides; (B) gel autoradiogram of acetone-precipitated polypeptides. The direction of migration is from top to bottom. resis under conditions that maximized resolution of the ,u polypeptide regions. The results of these experiments clearly showed that the electrophoretic behavior of the ,1 and ,2 polypeptides of mutants of groups B (ts352), C(ts447), and E(ts320) was identical to that of the ul and pu2 species of the wild type (Fig. 3) . The two other group B mutants, ts405 and ts271, have also been found to possess the wild-type a 1 and ,u2 polypeptide phenotype. On the other hand, the electrophoretic behavior of the ,ul and ,2 polypeptides of the group D mutant ts357 and the group A mutant ts201 was reproducibly aberrant (Fig. 3) . The group A mutant ,1 and p2 species migrated slightly more rapidly than the respective species of the wild type. The group D mutant species migrated even more rapidly than both the group A mutant and the wild type.
The electrophoretic behavior of the pu polypeptides of groups A and D was then compared with that of groups F and G, which were also found to synthesize aberrant ,u polypeptides. As shown in Fig. 4 , the migrations of the ,1 and ,2 polypeptides of the group D mutant ts357 and the group D mutant ts453 were both similarly aberrant. However, whereas the group D mutant ts357 (and the G mutant) synthesized gl and p2 species that migrated faster than those of the ts+ strain, the other group D mutant, ts585, induced normally migrating ,ul and ,2 polypeptides (Fig. 5) .
A comparison of the migration of the p1 and ,u2 polypeptides species of the group A mutant ts201 and the group F mutant ts556 has indicated that they both contained similarly aberrant species, which migrated slightly ahead of the wild-type strain (Fig. 6 ). In addition, the four other mutants of group A (ts340, ts16, ts329, and ts438) that have been examined exhibited ,ul and ,2 polypeptides with the same electrophoretic mobility as the prototype group A mutant ts201.
DISCUSSION
The ,ul and ,u2 polypeptides of reovirus ts mutant strains fall into three classes based on their electrophoretic behavior: (i) those that migrate as the wild type do (groups B, C, E, and D-ts585), (ii) those that migrate more rapidly than the wild type (groups A and F), and (iii) those that migrate even more rapidly than the preceding classes (groups D-ts357 and G).
These three classes of ,ul and ,u2 polypeptides (or ,u phenotype) have been designated ,u+, u-, and ,--, respectively.
With the exception of these slight but highly reproducible migration differences, analysis of the polypeptides synthesized by the mutants has demonstrated that the same species synthesized in cells infected with the wild type are synthesized in cells infected with mutants from each group at the nonpermissive temperature. Mutants of each group are capable of directing the synthesis of viral structural polypeptides as well as the major nonstructural species, ,u4 and o-2A. This result is entirely consistent with the finding that all 10 species of mRNA are tran- (2, 7) and with the demonstration of viral antigens and structures in nonpermissively infected cells by immunofluorescence and electron microscopy (6) . The failure to observe mature viral structures in cells infected with some of the mutants (B, C, D, and G) at the nonpermissive temperature (6), although the appropriate polypeptides are synthesized, suggested a posttranslational defect either in cleavage, modification, or assembly of viral polypeptides. Although it was not possible to study the rate of cleavage of the ul polypeptide to the ,u2 species (for discussion of this problem, see accompanying paper [3] ), these results conclusively demonstrate that the ability to yield the ,u2 product is not impaired at the elevated temperature. It is likely that the synthesized polypeptides are incapable of assuming a functional configuration at the nonpermissive temperature, thereby hindering the normal assembly process and resulting in the accumulation of particles whose completion is blocked.
Synthesis of the aberrant ,1 and u2 polypeptides at the permissive temperature does not restore the wild-type electrophoretic behavior. The expression of the u-and u--phenotypes is, thus, not temperature dependent. These aberrant species are present not only in cytoplasmic extracts of permissively infected cells but also are incorporated into mature infectious virions (Cross and Fields, unpublished data). Wunner and Pringle (13) have similarly described a ts mutant of vesicular stomatitis virus with two polypeptides of altered electrophoretic migration but whose viability at the permissive temperature is unimpaired; the ts phenotype is directly related to the altered mobility of only one of these proteins.
Controlled digestion of group D virions with chymotrypsin has also suggested that mutants of this group have an altered structural ,u2 polypeptide (9) . One of the group D mutants (ts357) also yielded retarded M2 and Li hybrid double-stranded RNA species composed of a (8) . Since the group D mutants appeared to possess abnormal ,2 polypeptides and one of the mutants yielded a retarded M2 hybrid double-stranded RNA molecule, Schuerch and Joklik (12) concluded that the group D-specific mutation to temperature sensitivity was in the M2 segment (which was presumed to code for this gene product). However, in light of the above findings that other mutant groups (A, F, and G) in addition to group D mutant ts357 also possess aberrant ,2 polypeptides (although they do not yield retarded M2 hybrid RNA species), it is no longer clear that this is a group D-specific defect. Thus, although the linkage of a retarded hybrid to an altered gene product is consistent, it does not necessarily constitute proof that hybrid retardation (as concluded in references 8 and 12) signifies a group-specific ts mutation.
The finding that the ,ul and ,u2 polypeptides are simultaneously affected lends additional proof to the precursor-product relationship of those polypeptides deduced from pulse-chase experiments by Zweerink and Joklik (14) .
The precise biochemical alteration causing the aberrant migration of the ,ul and u2 polypeptides is not known. Whether the faster migration actually indicates that these species are smaller than the respective species of the wildtype strain has not been determined. Since the ,u1 and ,2 polypeptides are phosphorylated and glycosylated (10; G. Krystal, J. Perreault, and A. F. Graham, Virology, in press), variability in modification, perhaps related to differences in protein conformation, could affect their electrophoretic mobility. Biochemical studies aimed at distinguishing between these possibilities are currently in progress.
